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ABSTRACT

A preliminary study has been made of a photography
mission plan for the variable surface features experiment of
the Mars Mariner 1971 project. The imagery data is to be
acquired from the MM '71 'B' mission orbit which has a period
of about four-thirds of a Martian day.

The mission plan contained herein has been developed
for the first 100 days of the orbital mission and detailed
photography sequences have been considered at 25-day intervals.
No attempt has been made to adjust the timing of the photography
to coincide with multiples of the 82-second time centers of the
spacecraft's Data Automation System.

A table showing how illumination, emission and phase
angles vary over the 100 days considered is included in the
information provided.
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MEMORANDUM FOR FILE

INTRODUCTION

{ . This memorandum contains details of a preliminary

1 i mission plan designed for the study of variable surface features
from the Mars Mariner '71 B mission orbit. The proposed B mis-
sion orbit, Figure 1, has a 32.877 hour period, a 50° inclina-
tion and a periapsis located ~5° on the day side of the evening
terminator at the start of the mission.

Photography for variable surface features studies
will take place in the region of the noon meridian because high
illumination is preferred for the investigation of surface
] . 'reflectivity changes. 1In order that this investigation be
g impeded as little as possible by the lack of knowledge of the
: surface photometric function, it is required that the changes
‘ in illumination and emission (or viewing) angles from revolution
to revolution be minimized. A more detailed description of the
requirements and problems of the variable surface features study

(1)

is contained in a previous memorandum.

Charts showing the ground trace of the orbiter on
different revolutions and overlays showing viewing angle and
illumination angle contours (all of which form part of Reference 1)
were used extensively in developing the mission plan contained
herein. The "footprints" of the photographs on the planet's
surface were computed by an expanded version of the program
used to calculate the above mentioned ground traces and contours.

PRELIMINARY VARIABLE SURFACE FEATURES MISSION PLAN

Figures 2-6 show the A camera (11° x 14° field of view)
footprints of the proposed photography sequences for selected
revolutions between Day 1 and Day 100. Every sixth pass of the
Spacecraft over one of the three regions observable at high sun
(the orbital period is ~4/3 of the Mars period of rotation) has
been examined, i.e., every 18th revolution at ~25-day intervals.
Tables 1-5 contain detailed information about each sequence of
photographs.
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: At the present time no attempt has been made to
adjust the timing of the photography to coincide with multiples
of the 82-second time centers of the Data Automation System.

It is believed that such an adjustment could be made straight-
forwardly without significantly changing the features of the
mission plan detailed here.

For Figures 2-6 the zero of the longitude scale has
been arbitrarily chosen. The true anomaly 6 of the spacecraft,
the angle between the vector from the center of Mars to the space-
craft and the line of apsides as measured from periapsis in the
direction of travel, is approximately 270° when the spacecraft
passes through the noon meridian at the start of the mission.

At this time the spacecraft's longitude ¢ is about 12°, The
orbital period has been chosen so that every third revolution
the spacecraft passes the noon meridian at this same Mars longi-
tude in order to minimize changes in illumination angle.

At the start of the mission variable surface features
photography commences at a true anomaly, 6, of 260°, about
1.1 hours before periapsis, and ends at 6 = 294°, about 0.5
hours before periapsis. The order in which the pictures are
acquired is indicated in the Figures by the alphabetic
sequence A-I, the position of the letter indicating the surface
intercept of the picture center. The planned slewing pattern
of the scan platform during the sequence ("down" from the
equatorial horizon to the sub-spacecraft region, back to the
horizon and down a second time) has been designed to economize
on the total angular slewing required. This is necessary
because of the limited rate at which the platform pointing
can be changed (0.25°/sec). Up to about Day 50 the coverage
acquired by the variable surface features photography is of a
region about 60° longitude x 50° latitude.

The seasonal motion of Mars about the sun has the
effect of bringing periapsis further onto the day side of the
planet as the mission evolves and after 100 days the variable
surface features photography commences at a true anomaly of
280°, about 0.7 hours before periapsis. The sequence ends at
8 =-319°, about 0.27 hours before periapsis. It is found
empirically that, on the last revolution considered, illumina-
tion and viewing angle variations can be made smaller by
adopting the different slewing pattern shown in Figure 6.

The average altitude of the spacecraft is much lower
during the picture taking sequence at the end of 100 days than
at the beginning of the mission. For this reason the surface
resolution will be significantly improved and the coverage of
each picture reduced accordingly. The overall coverage of the
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whole sequence is also diminished considerably, particularly
at the more southerly latitudes. This reduction is the result
of the contraction of the spacecraft's horizon  and of the
shortening of the time avallable for variable surface features
photography.

SCAN PLATFORM SLEW RATES

The limited rate at which the scan platform can be
slewed 0.25°/sec, imposes an important constraint on the
acqulsltlon of variable surface features imagery. The impor-
tance of the constraint stems from the fact that the scan
platform may be rotated about only one of its two axes (clock
and cone) at any time because of spacecraft power considera-
tions. In addition, platform motion during the readout of
the vidicon (41 sec) may not be permissible so that the
complete time interval between successive exposures may not
be available for platform motion.

-In planning the photography sequences a check was
therefore made to be sure that the proposed platform slews
can in fact be achieved. Column 12 in Tables 1-5 shows the
time interval between successive A camera exposures. Column 13
indicates the minimum slew rate necessary to reach the
required platform pointing in the time available. This rate
is equal to the sum of the clock and cone increments divided
by the time interval minus 41 sec. It is required that the
rate 1ndlcated in- Column 13 be less than 0. 25°/sec.

In the event that a narrow angle B camera

{1.1° x 1.4° field of view) photograph is also required near
the center of the preceding A picture, an AB pair would be
acquired without intermediate platform slewing. The wait
time before moving the platform would then be 82 sec so that
the minimum required slew rate would be increased. Column 14
indicates the value of this rate; where this is greater than
0 25°/sec an AB palr cannot be obtalned.

If it were de51red to take two A plctures of the
same surface region, e.g., for spectral studies, an even larger
wait would be required, namely, 3 x 41 sec = 123 sec. Column 15
indicates the value of the minimum slew rate required to allow
the acquisition of an AA pair. Again fea51b111ty is demonstrated
by a value of less than 0. 25°/sec.
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CHANGES IN ILLUMINATION, EMISSION-AND PHASE ANGLES¥*

Table 6 contains the values of the illumination, emis-
sion and phase angles for nine selected points on the surface
for the moment at which they are photographed on each of the
five revolutions considered. The selected points are the
centers of the nine photographs taken on the first revolution.
Not all these points can be rephotographed later in the mission
because of the manner in which the spacecraft-planet geometry
changes. ' :

Over the first 50 days the illumination angles change
by between 2° and 7° and the emission angles change by between
1° and 5°. The changes that occur over the second 50 days are
more variable because the geometry of the orbit relative to
the region of interest is changing more rapidly. Illumination
angle changes of as much as 17° and emission angle changes of
as much as 9° are found to occur for the points considered.

In general changes in phase angle are considerably greater than
the changes in either of the other two angles. In one of the
instances considered a change of over 30° is noted over 100 days.

SUMMARY

It may be concluded from this study that there are
no major obstacles involved in the development of a photography
mission plan for the variable surface features experiment. In
the preliminary mission plan described herein, contiguous
coverage of an area 60° longitude x 50° latitude can be acquired
straightforwardly early in the mission. It is found that as
the mission evolves the coverage of southern mid-latitudes
diminishes appreciably but coverage of lower latitudes can be
maintained.

The variations in illumination, emission and phase
angles have been tabulated for various stages in the mission.
A further study is required to determine what detection threshold
for changes in the Martian surface albedo is implied by the
various angular changes associated with this preliminary mission

plan. %‘ ‘
% i %W\@
. Sy
1011-GAB-caw G. A. Briggs
Attachments

*Both illumination and emission (or viewing) angles are
defined with reference to the local vertical. For vertical sun
the illumination angle = 0°. The emission angle at the sub-
spacecraft point is 0°.




BELLCOMM, INC.

(1)

REFERENCE

"Illumination and Viewing Conditions Encountered by the
1971 Mars Mariner TV Experiment," G. A. Briggs, Memorandum
for File, October 31, 1969. ' '
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